Aim. -To improve our understanding of excess body weight and risk for diabetes type 2, the study examined the influence of weight change in the Hawaii component, including 78,006 Caucasians, Japanese Americans and Native Hawaiians, of the Multiethnic Cohort Study.
Introduction
The global burden of diabetes continues to rise particularly among ethnic groups other than Caucasian [1] [2] [3] . Native Hawaiians suffer from extremely high rates of obesity and diabetes. However, despite their relatively low body weight, people of Japanese ancestry are also disproportionately affected by diabetes [4] . For the more than 44,000 Japanese Americans, 14,000 Native Hawaiians and 35,000 Caucasians in the Hawaii component of the Multiethnic Cohort (MEC) Study, a previous analysis had found diabetes risk estimates of 2.1, 4.1 and 9.5 for a body mass index (BMI) of 22.0-24.9, 25.0-29.9 and greater or equal to 30.0 kg/m 2 , respectively, compared with less than 22 kg/m 2 [5] . However, the risk was highest for Japanese Americans and intermediate for Native Hawaiians for each BMI category, with relative risks of 1.9 for Native Hawaiians and 2.7 for Japanese Americans compared with Caucasians [5] . Yet, the fact that BMI alone fails to explain ethnic differences in diabetes risk has been observed and reported by others [6, 7] . Beyond overweight and obesity, the effect of weight gain is of interest, as it indicates a surplus in energy intake over the long term that can promote insulin resistance and eventually lead to the development of diabetes [8] . Several reports have shown the importance of weight gain in addition to baseline weight [7, [9] [10] [11] [12] [13] . Furthermore, results of the Nurses' Health Study (NHS) indicate that the effects of weight gain on diabetes risk might be modified by ethnicity as, for each 5-kg increment in weight since age 18 years, the risk of diabetes was 1.8 for Asians, which was significantly higher than the risk estimates of 1.4 for Hispanics, 1.4 for African Americans and 1.4 for Caucasians [7] . Thus, the effect of weight change on diabetes risk among the Hawaii MEC Study participants was examined during two time periods: from age 21 to cohort entry in 1993-1996 (T1); and from cohort entry to 1999-2003 (T2), when a follow-up questionnaire was sent to cohort members. The hypothesis of the present study was that weight gain would confer an additional risk beyond BMI at cohort entry, and that the adverse effects would be more pronounced in participants of Japanese descent.
Methods

Study population
The MEC Study was established from 1993 through 1996 to examine diet and cancer among different ethnic groups in Hawaii and California [14] . The current analysis was limited to the Hawaii component due to the availability of diabetes-incidence data from major local health plans [5] . The Hawaii component of the MEC comprised 103,898 individuals belonging to three main ethnic groups (Native Hawaiians, Caucasians and Japanese Americans). Subjects aged 45-75 years entered the cohort by completing a 26-page, self-administered mailed survey (Qx1), which asked about demographics, medical conditions, and current height and weight, as well as weight at age 21, lifestyle factors and the usual diet over the past several years [15] . Response rates were highest for Japanese Americans (46% for men and 51% for women) and lowest for Native Hawaiians (28% for men and 35% for women); nevertheless, the MEC was a representative sample of the population, as evidenced by comparisons of educational levels and marital status with the corresponding census data [14] . After excluding non-eligible subjects (10,028 prevalent diabetes cases, 8797 other ethnic groups, 6202 with missing covariates, 855 unconfirmed diabetes cases and 10 with either no followup information or diabetes information at baseline), 78,006 subjects (37,482 men and 40,524 women) were ultimately eligible for the present analysis. The study was approved by the Committee on Human Studies at the University of Hawaii and by the Institutional Review Board at Kaiser Permanente Hawaii.
Case ascertainment
The detailed follow-up and categorization of diabetes cases, as reported previously, was only available for the Hawaii component of the MEC [5] . Incident cases were identified through three sources:
• a short follow-up questionnaire (Qx2), sent to all MEC members in 1999-2003 to update information on medical conditions, which achieved a response rate of 84%; • a medication questionnaire, including diabetes drugs administered in 2001-2007, available for 38% of the 103,898 subjects; • and the MEC database which, in July 2007, was linked to the two major health plans in Hawaii-Blue Cross / Blue Shield and Kaiser Permanente-to identify diabetes cases.
After excluding 855 cases that were self-reported in the questionnaire, but not confirmed by a health insurance plan, 2337 of the 8892 incident cases were first identified in the Qx2, 1029 through the medication questionnaire and 5526 by one of the health plans. From the time that the MEC was initiated, annual linkages with state and national death-certificate files have been performed to obtain information on vital status. Data are presented as means ± SD unless otherwise specified. a Excluded from the 103,898 members of the Hawaii component were: 10,028 prevalent diabetes cases; 8797 other ethnicity; 6202 with missing covariates; 855 unconfirmed diabetes cases; and 10 with either no follow-up information or diabetes information at Qx1. b Calculated with those included in the first (n = 75,590) and second analyses (n = 61,982).
Statistical methods
All statistical analyses were performed using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC, USA). Self-reported weight changes between age 21 and Qx1 (T1) as well as changes from Qx1 to Qx2 (T2) were computed. For the former, seven categories were created (> 5 kg weight loss; ± 5 kg as stable weight; and weight gains of 5-10, 10-15, 15-20, 20-25 and ≥ 25 kg). These categories were limited to four during T2 (> 5 kg weight loss, ± 5 kg, and weight gains of 5-10 and ≥ 10 kg). The follow-up time for non-cases was calculated as the time between the date of Qx1 and date of death, or the last date for which data on diabetes status were available, or 2007 for cohort members who were still alive. For incident cases, the follow-up time was calculated from Qx1 to an estimated diagnosis date, as described elsewhere [5] .
Cox proportional-hazards regression models were used to estimate diabetes risk in relation to categories of weight change using ± 5 kg as the reference category. Hazard ratios (HRs) and 95% confidence intervals (CI) were calculated, using follow-up time as the underlying time metric [16] , while controlling for age at Qx1 by stratification. Because of previously established associations, all models were adjusted for gender, ethnicity (Japanese Americans and Native Hawaiians vs Caucasians; overall model only), and levels of physical activity (quintiles) and education (13-15 and > 15 years vs ≤ 12 years). Models for weight change during T1 also included BMI category at age 21 (23.0-24.9, 25.0-29.9 and ≥ 30.0 kg/m 2 vs < 23.0 kg/m 2 ). T2 models included BMI category at Qx1 (25.0-29.9 and ≥ 30.0 kg/m 2 vs < 25.0 kg/m 2 ) and excluded diabetes cases diagnosed at Qx2. Because of missing values, the sample sizes for T1 and T2 were 75,590 and 61,982 individuals, respectively. Linear trend tests were performed by fitting a model with weight-change categories as a single ordinal variable, while stratifications were performed by ethnicity, BMI at age 21 (< 23 kg/m 2 vs ≥ 23 kg/m 2 because of the low mean BMI at that age) and BMI at Qx1 (< 25 kg/m 2 vs ≥ 25 kg/m 2 ). Also, a T1 model was fitted for weight change that adjusted simultaneously for BMI at age 21 and at Qx1. No major violations of the proportional-hazards assumption were observed when examined by Kaplan-Meier survival curves [17] .
Results
Of the 8892 incident diabetes cases, 1870 were Caucasian, 5230 were Japanese American and 1792 were Native Hawaiian ( Table 1 ). The mean age at cohort entry for all Hawaii MEC Study members was 58.5 ± 9.2 years. Mean time periods for T1 and T2 were 37.4 ± 9.2 years (n = 75,590) and 5.5 ± 0.8 years (n = 61,982), respectively. The mean weight gain was 10.5 ± 11.0 kg during T1 and 0.8 ± 5.6 kg during T2. Japanese Americans were the leanest group at each time point and reported the least weight gain from age 21 to Qx1, while Native Hawaiians had the highest BMI at each time point and reported the greatest weight gain since age 21.
Cox regression models indicated significant associations of weight change during T1 and T2 with diabetes incidence ( Table 2 ). The relative risk related to weight loss of greater than 5 kg since age 21 was 25% lower compared with no weight change (HR = 0.74; 95% CI: 0.61-0.88). The respective HRs for those who gained 5-10 kg and greater or equal to 25 kg were 1.82 (95% CI: 1.68-1.97) and 7.74 (95% CI: 7.13-8.41), with a clear dose-response relationship (P < 0.0001). Weight loss during T2 did not lower diabetes risk, while a weight gain of greater than 10 kg increased diabetes incidence significantly by 60%, with no differences by ethnicity (P for interaction = 0.89).
As the interaction term of weight change since age 21 and ethnicity was highly significant (P < 0.0001), ethnic-specific analyses were conducted, using Caucasians with stable weight as the reference group (Table 2) . Each weight-gain category conferred a higher risk of diabetes, with weight gain of greater or equal to 25 kg associated with an HR of 11.57 (95% CI: 9.65-13.88) in Caucasians, 18.50 (95% CI: 15.44-22.17) in Hawaiians and 30.59 (95% CI: 25.31-36.97) in Japanese Americans. Weight loss of greater than 5 kg was associated with a 44% lower diabetes risk in Caucasians. However, when this association was examined in Japanese Americans (using stable-weight Japanese Americans as reference), the HR for weight loss was 0.70 (95% CI: 0.56-0.87) while, in Native Hawaiians (using stable-weight Hawaiians as reference), the HR was 0.89 (95% CI: 0.58-1.38) (data not shown).
In addition, as a strong interaction was found between weight gain and BMI at age 21 (P = 0.0001), an analysis stratified by BMI at age 21 (< 23 kg/m 2 and ≥ 23 kg/m 2 ) was conducted, again using Caucasians with stable weight as the reference group (Fig. 1) . Because of the higher absolute diabetes risk in Japanese Americans and Native Hawaiians, the incidence of diabetes exceeded that for Caucasians across all weight-gain categories. The HRs associated with weight-gain categories for participants with a BMI less than 23 kg/m 2 at age 21 were considerably higher than for those with a BMI greater or equal to 23 kg/m 2 at age 21. For the low BMI group, the HRs for the highest category were 16.7, 30.1 and 47.0 for Caucasians, Native Hawaiians and Japanese Americans, respectively, whereas for the greater or equal to 23 kg/m 2 group, the HRs ranged from 7.0 to 14.7.
The interaction of BMI at Qx1 with weight change during T2 (Fig. 2) was not statistically significant (P = 0.23). Nevertheless Fig. 1 . Diabetes risk related to weight change between age 21 and Qx1, according to body mass index (BMI) at age 21 and ethnicity, in the Hawaii component of the Multiethnic Cohort Study. Qx1 was administered at entry in 1993-1996, and all models were adjusted for gender, age, education, physical activity and BMI at age 21; the reference group was Caucasians with ± 5-kg weight change. those with a BMI greater or equal to 25 kg/m 2 experienced little additional risk due to weight gain, whereas the risk estimates among normal-weight participants were increased for weight gains greater or equal to 10 kg in all ethnic groups (HR = 2.6, 6.8 and 10.8 for Caucasians, Native Hawaiians and Japanese Americans, respectively).
Simultaneous adjustment for BMI at age 21 and BMI at Qx1 attenuated the diabetes risk estimates for weight change during T1, but the associations remained significant. The HR for a weight gain of greater or equal to 25 kg was 4.3 (95% CI: 3.8-4.8) for all participants compared with those with stable weight, and 6.1 (95% CI: 5.0-7.5), 15 
Discussion
This analysis of three ethnic groups in Hawaii detected a strong effect of weight gain over more than 25 years, after taking into account BMI at age 21 and at cohort entry, when the mean age of participants was close to 60 years. A weight gain of 5-10 kg between age 21 and cohort entry doubled diabetes risk, and a gain of greater or equal to 25 kg was associated with an eightfold higher risk, while weight loss of greater than 5 kg reduced the risk by 25%. Compared with stableweight Caucasians, the adverse effects of weight gain were more pronounced in participants of Japanese and Native Hawaiian descent. Similarly, the association between weight gain and diabetes was stronger for those with a BMI less than 23 kg/m 2 at age 21 compared with those with a BMI greater or equal to 23 kg/m 2 . Weight gain during the 5.5 years of follow-up after cohort entry conferred a 60% increased risk, but weight loss during this interval was not associated with diabetes incidence, probably because older participants might have already experienced weight loss due to ageing and chronic health conditions.
Although modeling BMI at age 21 and at cohort entry attenuated the risk estimates for weight change slightly, each variable remained a significant predictor of diabetes risk. Also, the association between diabetes risk and weight gain was strongest in initially normal-weight participants-those with a BMI less than 23 kg/m 2 at age 21-thus underscoring the importance of maintaining low body weight throughout life. In addition, as hypothesized, the association between weight gain and diabetes was more pronounced in participants of Japanese descent. The prevailing theory is that excess BMI and weight gain have stronger effects in people of Asian descent due to their relatively higher proportion of body fat and, in particular, their tendency to accumulate visceral fat [18] . Visceral fat, but not abdominal subcutaneous fat, has been shown to be a risk factor for insulin resistance in Japanese Americans [19] . Furthermore, mechanistic studies indicate decreased insulin secretion during the early stages of diabetes development among Japanese, but not among Caucasian subjects [8] , which suggests that Japanese subjects may not be able to compensate for insulin resistance through increased insulin production as seen in Caucasians.
In our present analyses, the diabetes risk estimates for Native Hawaiians were in between those for Caucasians and Japanese Americans, which may be explained by the ethnic admixture of this group. In the baseline questionnaire that allowed for more than one ethnicity, more than 95% of Caucasians or Japanese Americans indicated only one ethnic background whereas, among Native Hawaiians, 53% reported some Caucasian ancestry and 54% some Asian ancestry [20] . In addition, ethnic differences in food and nutrient intakes might also contribute to the different diabetes risks: for example, Caucasians consume more dairy foods than do the other groups; Japanese Americans eat more legumes, vegetables and rice; and Native Hawaiians report high intakes of fat, meat and calories in general [14, 21] .
Our findings agree with previous reports from Caucasian populations that found higher diabetes risks associated with weight gain [9, 10, 12, [22] [23] [24] . In the NHS, the relative risks for diabetes among women with weight gains of 5.0-7.9 kg and 8.0-10.9 kg were 1.9 and 2.7, respectively, compared with women of stable weight since age 18 [22] . Similar risk estimates were reported in a community-based study in California [23] , British men [10] , the Johns Hopkins Precursors Study [12] and NHANES I [9] . During the 10-year follow-up for NHANES I, a 5-to 8-kg weight gain doubled diabetes risk, and a gain of greater than 20 kg quadrupled it [9] . Also comparable to our present findings is that weight gain or fluctuation of at least 10 lb (4.5 kg) between ages 40 to 60 years significantly increased the diabetes rate by 40% [23] . In addition, in agreement with our present stratified results, weight gain in Pima Indian women was related to diabetes incidence only in those who were not initially overweight [24] . Similarly, another report observed that, among middleaged men with a BMI greater or equal to 28 kg/m 2 , any further weight gain made little difference in their risk of diabetes [10] . Also in the NHANES I report, stratification by weight status at baseline made little difference [9] .
Few previous investigations have included people of ethnic backgrounds other than Caucasian. Three reports included participants of Asian descent-one from Japan [11] , one from China [13] and the NHS, which included 801 Asians [7] -and one study focused on Pima Indians [24] . A report of male Japanese employees showed a 14% greater diabetes risk with weight gain of greater than 2 kg [11] . The 801 women of Asian descent in the NHS had a twofold higher incidence rate than did Caucasians. Also, for each 5-kg increase in weight, risk estimates differed significantly by ethnicity, with 1.84 for Asians and 1.37 for Caucasians (P < 0.05) [7] . Among middle-aged Chinese women in Shanghai, a weight gain of greater than 0.75 kg/year since age 20, which corresponded to approximately 20 kg in total, was associated with a risk of 12.7 compared with those with no weight gain [13] . Among Pima Indian men, the age-adjusted diabetes incidence was 56.7/1000 person-years in those with an annual weight gain of greater or equal to 3 kg compared with 16.9/1000 person-years in those who lost weight [24] .
Several limitations of this investigation need to be borne in mind. Body weight at all points in time relied on self-reports. In particular, weight at age 21 may have been recalled incorrectly after more than 25 years. There is evidence, however, that remote weight earlier in life can be recalled with some accuracy, as shown in elderly subjects [25] , the NHS [26] , a follow-up of American adults [27] and the Newton Girls' Study [28] . Unfortunately no information on body weight between the three time points was available. For this reason, the possible effect of weight fluctuation could not be investigated in the present study. Also, no information on the reasons for weight loss was collected, such as whether it was voluntary or involuntary. Weight loss particularly during T2 may have been involuntary as a result of disease or ageing. Furthermore, as BMI is not an accurate estimate of body fat and because the proportion of body fat differs with ethnicity [29, 30] , it is possible that the true ethnic differences are of a different magnitude. It would have been preferable to examine other anthropometric measures such as waist circumference. Also, risk estimates for T1 were based exclusively on new cases diagnosed after cohort entry and excluded the 10,028 self-reported prevalent cases.
Although all cases of diabetes were confirmed by a health plan [5] , detection bias is possible, given that those who are obese or of high-risk ethnic backgrounds may be more likely to undergo testing for diabetes. Such a bias would overestimate the association between BMI and diabetes. Also, there was no information on type of diabetes. However, given the median age of 59 years at Qx1, more than 90% of diabetes cases were most likely type 2.
On the other hand, this study also had several important strengths, foremost of which were its prospective nature, with 14 years of follow-up, and the inclusion of three ethnic groups that vary widely in both BMI and diabetes risk. Other strengths include the large sample size and the ascertainment of diabetes status through linkups with documented health plans [5] . Although diabetes at Qx2 was self-reported, only those cases confirmed by health-plan linkages in 2007 were included in the analysis.
Conclusion
In the present study, a strong dose-response relationship was observed between weight gain and diabetes risk in all the studied ethnic groups. Data from this analysis indicate that weight gain over time leads to increases in diabetes risk, particularly among lean individuals, and Native Hawaiians and Japanese Americans. The implications of these findings are that even low levels of weight gain can lead to increased diabetes risk, and that lifestyle modifications leading to weight loss are effective for lowering diabetes risk. Our observations support the current recommendations to reduce the risk of diabetes by preventing weight gain throughout adulthood, and to encourage weight loss in overweight and obese individuals. This advice is even more important for Japanese Americans and Native Hawaiians who, compared with Caucasians, appear to develop diabetes at a higher rate across all weight and weight-gain categories. Future analyses need to explore the possible causal mechanisms that might be promoting greater diabetes risk with equal weight gain in some populations, such as dietary preferences, body-fat distribution and weight fluctuations.
